This paper reports the results of an experiment that investigated the effects different structural characteristics of relational databases have on information satisfaction of end-users querying databases. The results show that unnormalised tables adversely affect end-user satisfaction. The adverse affect on end-user satisfaction is attributable primarily to the use of non atomic data. In this study, the affect on end user satisfaction of repeating fields was not significant. The study contributes to the further development of theories of individual adjustment to information technology in the workplace by alerting organisations and, in particular, database designers to the ways in which the structural characteristics of relational databases may affect end-user satisfaction. More importantly, the results suggest that database designers need to clearly identify the domains for each item appearing in their databases. These issues are of increasing importance because of the growth in the amount of data available to end-users in relational databases.
INTRODUCTION
The complexity and pervasiveness of information systems based on relational database management software continues to grow. End-users are increasingly expected to query these systems to obtain the information they need to perform their jobs. In addition, relational database technology has enhanced the ability of end-users to (a) design their own database structures, and (b) maintain their own data (Doll and Torkzadeh, 1993) . These data have value only to the extent end-users can obtain the information they need from these databases. The growth in end-user computing warrants an investigation of factors that improve end-user performance and satisfaction because, for example, end-user information satisfaction (UIS) is associated with systems success (Doll & Torkzadeh, 1988b ). An understanding of how these factors affect UIS enables designers and managers to enhance system effectiveness through improved user education and training. Data normalisation and, through it, task complexity are the foci of this study. Earlier research found that the perceived ease-of-use of a system is an important component of UIS (Doll & Torkzadeh, 1988b) . Perceived ease-of-use of a database is diminished when the complexity of tasks increases. Therefore, through its effect on perceived ease-of-use, task complexity affects UIS. In turn, task complexity associated with the use of databases is affected by the level of normalisation. This study focuses on these relationships (as depicted in Figure I ) and investigates how different levels of normalisation and, therefore, task complexity affect novice end-users' satisfaction when querying 1 relational databases. normal forms 2 . Each level of normalisation is generally considered more desirable than the levels below it (Date, 1986) . Increasing the level of normalisation changes specific structural characteristics, e.g., atomicity, repeating fields, and fragmentation (see Figure 2 ). For a relation to be in INF, "at every row-and-column position within the relation, there is always exactly one data value, never a set of multiple values" (Data, 1990, p 378 ). Therefore, when the level of normalisation changes from ->NF to INF, all repeating fields are eliminated and non-atomic 3 data items are decomposed into multiple atomic elements. When the level of normalisation increases from 1 NF to 3NF, all partial and transitive dependencies (two examples of functional dependencies) are eliminated. The removal of repeating fields, non-atomic data items, and these two types of functional dependencies, however, results in an increase in the fragmentation of the database. The existence or elimination of these structural characteristics is likely to affect the complexity of the database tasks and, consequently, the level of perceived ease-of-use of the database system. 
EXAMPLE QUESTIONS AND THE RESULTING QUERIES
This section presents two of the questions the experimental participants were asked to answer and provides queries that answer these questions using each of the three data structures. The differences in complexity between these queries relative to the three data structures are then discussed. The experiment required participants to obtain information about a furniture manufacturer's just-in-time operations. The participants queried a database that contained data about raw materials inventory items including receipts, issues, and current amounts on hand. See Appendix B for the data structures and Appendix C for details of the experimental setting. For readability, SQL keywords appear in upper case letters; table names appear in small capital letters; and attribute names appear in lower case, italicized letters.
Find vendors with discount rates > 5% or discount days > 45. Because the experiment only used ->NF, 1 NF, and 3NF, the definitions of Boyce-Codd normal form (BCNF), fourth normal form (4NF), and fifth normal form (5NF) are not presented in this paper. The atomicity constraint requires that each individual data value be atomic in that they have no internal structure (i.e., are non-decomposable (Date, 1990) . For example, a single address field that contained both city and state data violates the atomicity constraint.
Sources of complexity
One source of complexity in the query is that multiple records contain terms data for eachvendor, i.e., each vno. Assuming that each vendor uses the same discount rate and discount days for all items, the output of the query should contain only one item per vendor. Hence the keyword DISTINCT is required to satisfy this requirement. Indeed for the ->NF data structure, there can be multiple records for each item supplied by an individual vendor. The primary source of complexity in the above query is the lack of atomicity of the attribute terms. As can frequently be the case, this lack of atomicity is also associated with less specific data types. That is, rather than two numeric attributes, the discount rates and days are combined into one character attribute. This means that integrity constraints are much more difficult to implement (for example, range checks) and that a particular format must be assumed. The assumed format may be difficult to enforce or ensure. In this case, the format is assumed to be the discount rate, a slash as a separator, and the discount days. If this format is not followed for each and every record in ITEMA, then the results of the query may not be correct. Hence, to answer the above question using the ->NF data structure requires making a strong assumption about the format of terms, parsing the contents to extract the desired subset of characters, and converting those characters to a numeric value. Because the discount rate and discount days data for each vendor only exists in a single record, the keyword DISTINCT is not needed in the 3NF query. Relative to the INF query, however, the 3NF query does contain at least three additional sources of complexity. First, because the attribute vno exists in both ITEMC and VENDORC, vno in the SELECT clause requires a table name qualifier to remove the ambiguity. Second, an additional table, VENDORC, must be specified in the FROM clause. Third, an additional condition in the WHERE clause is required to join the ITEMC and VENDORC tables so that the vendor's name can be displayed, i.e., the condition AND ITEMC.vno = VENDORC.vno.
INF query
Find items where the quantity on hand is < the average quantity issued.
->NF query 1st attempt SELECT DISTINCT itemno, idesc, vno, vname, cqtyoh, AVG(qtyiss] 
Sources of Complexity
One source of complexity in the query is that there can be multiple records for each item supplied by an individual vendor. The keyword DISTINCT is required to display only one line per item supplied by each vendor. The primary source of complexity in the above query is the presence of repeating fields, i.e., qtyissl, qtyiss2, and qtyissS. These repeating fields increase complexity in a number of ways. First, instead of specifying a single attribute in the SELECT clause, e.g., qtyiss in the queries below of INF or 3NF, an average of the three attributes must be taken. Second, because the subquery in the WHERE clause will require joining the ITEMA table to itself, the FROM clause must specify an alias for ITEMA. Third, an intricate subquery is required to extract the data needed for the WHERE clause. Although the queries of both the 1NF and 3NF data structures also require subqueries, the subquery for the ->NF data structure contains more terms, e.g., SELECT AVG(qtyiss]+qtyiss2+qtyiss3)/3 versus SELECT AVG(qtyiss). Fourth, the results of the query will be incorrect except for those items with exactly three issues, e.g., dividing qtyissl + qtyiss2 + qtyissS by 3 when fewer than three issues have been made will not yield the correct average quantity issued for that item. One of the easiest ways to formulate a correct query using the ->NF data structure is to create a view that places the required data into a first normal form data structure as shown below. After creating this view, the query is almost identical to the query of the INF data structure. Relative to the INF query, the 3NF query contains the same additional sources of complexity as noted in the previous example.
HYPOTHESES FORMULATION
The foregoing theory development and example queries suggest task complexity, normalisation, and UIS provide foundations on which to analyse task complexity-data structure relationships and predict end-user attitudes. These constructs motivate research hypotheses that investigate end-users' query satisfaction at different levels of normalisation. End-users' UIS responses are explored relative to variations in task complexity caused by (a) lack of atomicity, (b) repeating fields, and (c) data fragmentation.
End-user Satisfaction: INF versus -iNF
Non-atomic data and repeating fields cause complexity to increase. The increased complexity decreases enduser satisfaction. Normalisation removes repeating fields and makes all attributes conform to the atomicity constraint. Hence: HI: End-users are more satisfied querying INF data structures than -iNF data structures. H2: The increased dissatisfaction of ->NF end-users relative to INF end-users is associated with nonatomic data. H3: The increased dissatisfaction of ->NF end-users relative to INF end-users is associated with repeating fields.
End-user Satisfaction: 3NF versus INF
Higher levels of normalization cause fragmentation, i.e., increasing normalization from INF to 3NF results in a larger number of tables. This fragmentation requires joins to reassemble the data. These joins increase complexity and decrease satisfaction. Hence: H4: End-users are more satisfied querying INF data structures than 3NF data structures. H5: The increased dissatisfaction of 3NF end-users relative to INF end-users is associated with increased data fragmentation.
End-user Satisfaction: 3NF versus -iNF
Relative to INF, complexity associated with non-atomic data and repeating fields in -<NF data structures exceeds that associated with the increased fragmentation in 3NF data structures. Hence: H6: End-users are more satisfied querying 3NF data structures than ->NF data structures. H7: The increased dissatisfaction of ->NF end-users relative to 3NF end-users is associated with nonatomic data. H8: The increased dissatisfaction of ->NF end-users relative to 3NF end-users is associated with repeating fields.
RESEARCH METHOD Research design, participants, and data collection
This study uses a laboratory experiment to control for various extraneous variables that may confound the observed results. The laboratory experiment facilitates control of data structures, equalises subject motivation, optimises subject participation, and allows random assignment of subjects to experimental groups (Campbell and Stanley, 1963) . The experiment uses the posttest-only control group design explicated by Campbell and Stanley (1963) 4 . Using this design enhances the study's internal validity by controlling for potential problems such as history, maturation, statistical regression, testing, instrumentation, and selectionmaturation 5 . The experiment required participants to record their attitudes after querying a database established for a Justin-Time inventory system. The experiment was developed by Liu (1995) . The databases of these information systems used three data structures: not normalised (-iNF), first normal form (INF), and third normal form (3NF). This is one of three true experimental designs discussed by Campbell and Stanley (1963) . In general, they prefer this experimental design over the other two: the pretest-posttest control group design and the Solomon four-group design. For a detailed discussion of these potential threats to internal validity, see Campbell and Stanley, 1963. Eighty undergraduate and masters level commerce and information technology students participated in the experiment 6 . Most participants had little experience with relational database querying yet were familiar with general computing concepts and activities. Prior to the experiment, all participants completed two projects in which they were required to create tables and forms and then query the tables in SQL. Based on their information systems background, participants were randomly assigned to one of the three treatment groups as follows: an information systems expert ranked each participant in descending order, i.e. the person considered to have the most extensive information systems background was ranked number 80, the person with the next most extensive background was ranked 79, etc. The order of the three treatments was then randomised, with the order being: ->NF, 3NF, and INF. Participants were randomly 7 assigned to the groups according to their information systems background, so as to eliminate any experience effect. Data used to measure the end-user satisfaction variable was collected using a questionnaire. Existing UIS instruments were not used because they could not investigate specific database characteristics without substantial modification and extension. A number of these instruments, however, were used as the basis for developing the UIS scales used in this study (see, for example, Ives, Olson & Baroudi, 1983; Doll & Torkzadeh, 1988) . The questionnaire was administered after the completion of the experiment. The response rate was 95 percent, i.e., 76 questionnaires were returned of the 80 distributed.
Measures
Participants performed queries on parts of the experimental data structures that exhibited characteristics of: (a) non-atomic data, (b) repeating fields, and (c) increased fragmentation. The level of end-user satisfaction for querying activities associated with each characteristic was measured using specifically developed scales 8 . A two-item scale was used to measure the UIS of users querying data structures with varying levels of fragmentation. Item two's responses were reversed, added to item one, and their total divided by two. A single item scale was used to measure UIS (non-atomicity), a seven item scale was used to measure UIS (repeating fields), and a three item scale was used to measure UIS (overall). These scales are included in Appendix A. RESULTS Table 1 summarises the hypotheses and their results.
Hypothesis

Statement of Hypothesis Result
HI
H2
H3
H4
End-users are more satisfied querying INF data structures than ->NF data structures
The increased dissatisfaction of ->NF end-users relative to 1NF end-users is associated with nonatomic data.
The increased dissatisfaction of ->NF end-users relative to INF end-users is associated with repeating fields.
End-users are more satisfied querying INF data structures than 3NF data structures
Supported Supported
Not supported, however, in the predicted direction.
Not supported Eining and Dorr (1991) argue that students are appropriate participants for research concerned with novice decisionmakers.
7
The method of randomisation was to assign participant 80 to ->NF, participant 79 to 3NF, 78 to 1 NF, 77 to 1 NF, 76 to 3NF, 75 to ->NF, 74 to -iNF, and so on.
Q
Cronbach alphas were calculated to ensure the reliability of scales with more than one item. Only those questions that loaded significantly together in the factor analysis and had Cronbach alpha coefficients greater than 0.80 were selected as combined scales to measure specific UIS responses. 
H8
The increased dissatisfaction of 3NF end-users relative to INF end-users is associated with increased data fragmentation.
End-users are more satisfied querying 3NF data structures than ->NF data structures.
The increased dissatisfaction of ->NF end-users relative to 3NF end-users is associated with nonatomic data.
The increased dissatisfaction of ->NF end-users relative to 3NF end-users is associated with repeating fields.
Supported
Not supported, however, in the predicted direction. 
UIS (non-atomicity)
Analysis of variance (ANOVA) was used to determine whether end-users are more satisfied querying databases containing purely atomic data. As hypothesised (H2, H7), the results show that participants who used either INF or 3NF databases are more satisfied than those who used ->NF databases (^2,12 -3-25, p = 0.0444). The least square means, reporting the significance of the pairwise comparisons of the UIS values, are shown in Table 3 . 
UIS (repeating fields)
Statistically significant support was not found for the hypothesis that end-users are more satisfied querying databases with data structures containing no repeating fields (H3, H8) (F2, 58 = -14, p -0.3009). The least square means (Table 3) show, however, that the relationships were in the predicted directions. Inspection of their queries indicated that users of ->NF, INF, and 3NF data structures entered similar queries. Therefore, the disadvantages of querying databases containing repeating fields was overcome by users repeatedly executing the same query and simply substituting field names.
UIS (fragmentation)
ANOVA results suggest a significant relationship between levels of normalisation and UIS arising from fragmentation (H5) (F2,7l = 3.39 p = 0.0197). Table 3 shows that no statistical difference was found between INF and 3NF, however, the relationship was in the predicted direction. Table 3 also reveals that users querying the -iNF data structure were less satisfied than users querying the INF data structure. Similarly, users querying the -iNF data structure were less satisfied than users querying the 3NF data structure. These results are the opposite to those predicted. These results suggest that users are more satisfied querying databases with a small amount of fragmentation than querying databases containing non atomic data times and repeating fields. This assertion is further supported in the next subsection. 
Model UIS (non atomicity) = F (normjevel) UIS (repeating fields) = F (normjevel) UIS (fragmentation) = F (normjevel)
UIS
UIS (overall)
Statistically significant support was not found for the hypothesis that end-users are more satisfied querying databases with data structures in INF than either -.NF or 3NF (HI, H4, H6) (F2,69 = 1-37, p = 0.1305). The least square means (Table 3) show, however, that the relationship was in the predicted direction. The least square means results reported in Table 3 show a significant difference, in the direction predicted, between the ->NF and INF data structures (HI). Users were more satisfied querying databases in INF than databases in ->NF. Statistically significant support was not found for the proposition that users querying 3NF databases were less satisfied than users querying INF databases (H4). Investigation of the users' query commands also revealed that many users did not perform the query task intended to test the structural disadvantages of querying in 3NF, i.e., few questions were attempted that involved the fragmentation inherent in higher levels of normalisation. Statistically significant support was not found of the proposition that users querying 3NF databases were more satisfied that users querying -iNF databases (H6), however, the results were in the predicted direction.
DISCUSSION & CONCLUSIONS
This study provided empirical evidence about the effects of various levels of normalisation on UIS. The results show that lack of atomicity adversely affects user satisfaction. The results also show that different levels of fragmentation affect user satisfaction when querying databases. The results show that unnormalised tables adversely affect end-user satisfaction. The adverse affect on end-user satisfaction is attributable primarily to the use of non atomic data. In this study, the affect on end user satisfaction of repeating fields was not significant. The negative effects on UIS increased fragmentation associated with normalising databases to first normal form are overshadowed by the positive affects on UIS of eliminating non atomic data and repeating fields. The increased fragmentation resulting from further normalisation, however, appears to be associated with decreased UIS. Overall, the results suggest that end-user satisfaction is greatest when querying databases in INF, as this is the level with the least complex queries, i.e., atomic data, no repeating fields, and very little fragmentation. This reduction in task complexity culminates in greater enduser satisfaction. These results are important to organisations because they impact the relationship between database designers and end-users. Database designers must be aware that normalisation levels affect both end-users' performance and satisfaction when querying databases. The results also emphasise the need for the provision of specific training programs for end-users. End-user training is of increasing importance as organisations increase their investment in information technology. Investigating the effects of normalisation on UIS enables organisations to properly direct their training programs and to maximise the benefits they receive from their information technology investments. Two specific areas should be the focus of these training programs. First, end-users creating their own databases should be educated on the advantages afforded by creating databases in INF so they as end-users, as well as other end-users, can query the databases with relative ease. Users should also be aware of other problems associated with INF databases in relation to update anomalies and learn about the advantages and disadvantages of each level of normalisation. They should also be instructed on the creation of views to emulate a INF database so that querying, one of their more frequent tasks, can be accomplished with efficiency and effectiveness. Second, information technology professionals need to be aware that the databases created by them may be highly fragmented. The negative effect that this fragmentation may have on query complexity and UIS suggest that end-users should be educated on how to overcome the difficulties of querying fragmented databases. When end-users consistently use databases created in higher normal forms further training may help them create views (as was required for example in one question discussed in section 3) of the data that may be approximately equivalent to INF to make querying easier and more satisfying. Another issue arising from this research is the significant negative affect that non atomic data has on user satisfaction. This finding has implications for database designers in that they need to clearly identify the domains for each item appearing in their databases, and ensure that they have no internal structure, that is, are atomic in nature. This study adopted Doll and Torkzadeh's (1993) assumption that the majority of end-users have low skill levels and generally fall outside the category of experts in most common computer applications. Future research should assess cognitive differences between novice and expert end-users. This assessment would assist information technology professionals who create databases for end-users. Such research would also help such professionals to better assist end-users who develop and query their own databases. Greater knowledge of cognitive characteristics of end-users could also improve the content and relative emphasis of the training provided to them. Future research should also test user satisfaction in across a broader range of user queries. Completion of this research in future would enable an overall strategy to be adopted that would lead to both efficient and effective database operations and high levels of user satisfaction. 
UIS (non-atomicity)
Querying terms of payment data was: 1 = extremely difficult; to 7 = extremely easy. Circle the number that you feel is most appropriate. 1 item; developed by the researchers.
UIS (repeating fields)
• Querying issue date data was:
• Querying quantity issued data was:
• Querying quantity defective data was:
• Querying production variance data was:
• Querying received date data was:
• Querying received quantity data was:
• Querying unit cost data was: 1 = extremely difficult; to 7 = extremely easy. Circle the number that you feel is most appropriate. 7 items; developed by the researchers.
UIS (fragmentation)
• The database contains too many tables.
• The database contains loo few tables. 1 = strongly disagree; to 7 = strongly agree. Circle the number that you feel is most appropriate.
2 items; developed by the researchers.
UIS (overall)
The Overall quality of the data structure was: 1 = very poorly designed; to 7 = very well designed.
Overall querying the database was: 1 = extremely difficult; to 7 = extremely easy. 1 = extremely inefficient; to 7 = extremely efficient.
Circle the number that you feel is most appropriate. 
APPENDIX B Description of data structures used in the study
Non-Normalised (-iNF)
Abbreviation
Desciption Comments 
ITEMA
Scenario Background
Comfortable Furniture Limited manufactures household and office furniture for distribution throughout the world. The company operates from 9:00am to 5:00pm, Monday through to Saturday. Comfortable Furniture adopted the Just In Time (JIT) II method a little over a year ago for their inventories. JIT II involves the use of contractual agreements between an organisation and its suppliers where the suppliers assume direct responsibility for entire categories of the organisation's inventory. Vendors: (1) provide the required items on a just-in-time basis for production schedules; (2) provide these items at favourable, if not preferential prices; and (3) over the long term, make innovations in their products, production, and pricing to better match the organisation's requirements. In JIT II situations, vendor representatives often occupy offices in the organisation's facilities. The organisation grants the vendor's representatives access to the organisation's data and freedom to inspect physical inventory. The vendor representatives, rather than personnel in the organisation's purchasing department, place the orders for the input materials needed for the organisation's production runs.
JIT II reduces ordering costs, delivery times, handling costs, and inventory holding expenses. For these systems to yield the intended benefits, suppliers must not abuse their direct ordering capabilities. Converting to JIT II means many of the internal controls for traditional purchasing procedures are eliminated. Management expects the internal auditors to query the information systems to determine that JIT II vendor relationships meet internal control objectives. 
